SUMMARY
INTRODUCTION
The rheological characteristics of dough are determined by the amount and proportion of gliadin and glutenin proteins, and their significance lies in the fact that they affect both the processing ability of the dough and the quality of the end product. The rheological parameters describe the elasticity and viscosity properties of dough samples (Walker and Hazelton, 1996; Faridi, 1985; Faubion and Hoseney, 1990) . Several methods are available to measure the rheological characteristics of wheat flour dough (Bloksma and Bushuk, 1988; Benedek and Győri, 1995) .
The extensigraph has proved useful in the classification and assessment of flours on the basis of physical dough properties (in particular, flour strength) for both quality control and applied and basic research application. The extensigraph, normally in combination with the farinograph, has been applied in quality control and applications involving flour classification and specification and wheat selection (Rasper and Preston, 1991) . More studies have shown significant correlations between extensigraph parameters and bread quality characteristics, mainly on the basis of laboratoryscale baking tests Cressey et al., 1987; Preston et al., 1989) .
The alveograph was created by Marcel Chopin based on the idea of Hungarian scientist Jenő Hankóczy in the 1920s (Dubois, 1975; Faridi and Rasper, 1987; Walker and Hazelton, 1996) .
It is generally used for the characterization of wheat flours in Southern and Western Europe. The most frequently measured parameters are W and P/L values, and the various flours are classified for bread, baking products, biscuit or pasta making (Matuz et al., 1999; Tóth et al., 2006) . The most important alveograph parameter is the W value, which is proportional to the area under the curve and represents the energy necessary to inflate the dough bubble to the point of rupture (Rasper et al., 1986; Schöggl, 1998) .
Extensibility and resistance to the extension of doughs which can be measured using the extensigraph or alveograph allow good assesment of the baking behavior under realistic conditions. These methods have been estabilished globally as AACC and ICC standard methods, respectively.
The aim of the present study is to compare alveograph and extensograph parameters of various winter wheat varieties.
MATERIALS AND METHODS
Samples are from the Látókép Experimental Site of The University of Debrecen, Centre of Agricultural Sciences. It has calcareous chernozem soil with a 70-90 cm deep humic layer, the humus content 2.8-3%. The groundwater level is between 6-8 m. This soil has medium level nitrogen and phosphorous and high level potassium supplies. The pH measured in KCl is 6.2. Seven winter wheat varieties were investigated from 2006.
In total, 87 flour samples were analyzed for extesigraph and alveograph properties. Mean flour protein contents of cultivars (GK Öthalom, Saturnus, Lupus, Mv Suba, Mv Magvas, Mv Emese, GK Kalász) were 13.0, 17.2, 15.1, 16.9, 14.5, 16.1, and 15.5%, respectively. The average gluten content of cultivars were very different (31.3, 43.0, 37.3, 44.2, 36.8, 37 .7 and 37.1%, respectively), as well.
In our study, we determined twelve extensigraph and five alveograph parameters. Dough properties were determined by the Brabender Extensigraph according to Approved Method 54-10 (AACC International 2000). Interpretation of the extensigraph parameters was carried out after 45, 90 and 135 min of dough maturing. Alveograph parameters were determined according to Approved Method 54-30 (AACC International 2000). The gluten content was determined by Perten Glutomatic. Statistical analysis of the data was performed using SPSS 11.0 statistical software.
RESULTS AND DISCUSSION

Classification of winter wheat varieties according to rheological properties
The Cluster analysis is an appropriate tool for the classification and comparison various wheat varieties. This test is capable of taking all studied parameters in consideraton at the same time. We examined the rheological parameters by hierarchical cluster analysis using Ward method. In the first case, we tested the extensigraph properties of winter wheat varieties (Figure 1) . The dendogram showed that four varieties got into one group, and the distance between them was very small. Consequently, these varieties were very similar to each other. Mv Emese was somewhat different from the other varieties. GK Öthalom and GK Kalász belong to the other group, as these varieties were very different from the other examined varieties. The various varieties got in different groups, when we examined the alveograph properties (Figure 2) . Lupus, Mv Suba and Saturnus belong to one group again, but the order was different. Saturnus was the worst variety according to extensigraph parameters, whereas the alveograph properties of this variety were good. GK Kalász with the best extensigraph results and Mv Emese got into the worst group based on alveograph parameters. The two best varieties were GK Öthalom and Mv Magvas. The distance among the three group was considerable. 
Factors affect the rheological properties
Factors affecting the rheological properties of dough samples were determined by Principal Component Analysis. Two components determined 93% of the total variance of extensigraph properties ( Table 1) . The first component which determined the 66.3% of the total variance, affected the resistance to extension, the maximum resistance to extension and the area under the curve. The second component affected only the extensibility property of the wheat sample.
When searching for factors which affected the extensigraph and alveograph properties, we found that two components were not enough to explain the 80% of total variance ( Table 2) . We needed to include a third component in the investigation. The three components could explain about 90% of variance of all rheological properties.
The resistance to extension, the maximum resistance to extension and the area under the curve were affected by the first component. The second affected the extensigraph extensibility property as well as the alveograph W value. The third component affected only the remaining alveograph parameters (P, L, P/L and G) ( Table 2 ). In spite of the fact that extensigraph area and alveograph W value are very similar properties, extensigraph area property was got into one component with resistance to extension, whereas W value was got into one component with extensibility, although resistance to extension and extensibility are antagonistic properties. 
CONCLUSIONS
The measurement of dough stretching properties is one of the most important techniques used to evaluate flour quality for baking. In our study we compared the results of two rheological tests.
The classification of wheat varieties was different, and the order of varieties, as well. The results showed that the alveograph parameters were different from the extensigraph parameters. The alveograph properties were affected by other factors than the extensigraph properties, except the W value, which was affected by the second factor. A considerable proportion (93%) of the total variance of extensigraph properties was determined by two components. When studying the extensigraph and alveograph parameters at same time, we needed to include the third component in the investigation. The three components could explain about 90% of variance of all rheological properties. The two rheological tests did not give similar results, therefor neither test are replaceable. The data presented are for a set of cultivars grown at one location and in one year, it could be very interesting to continue these examinations on different cropping years and sites.
